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IMPROVED HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC (HPLC) 
ASSAY METHOD FOR CEFTIZOXIME 
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M. LeBel , J.F. Ericson and D.H. Pitkin 

ABSTRACT 

We improved a high-performance liquid chromatographic method for 
the quantitative determination of ceftizoxime in human serum and urine 
using cefotaxime as internal standard. It employs a p Bondapak Alkyl 
Phenyl column, elution with acetonitrile-phosphate buffer and measurement 
of W absorption at 254 nm. 
compared to those obtained using a microbiological assay. 
coefficient was 0.987 (n:25). The method is rapid, accurate and reprodu- 
cible with a sensitivity of 2.5 pg/ml of ceftizoxime. Cefotaxime and its 
major metabolite, the desacetylcefotaxime, can also be quantitated by this 
procedure. 

Results obtained using the HPLC assay were 
The correlation 

INTRODUCTION 

Ceftizoxime (FK 749, SK & F 88373-Z){sodium (6R, 8R)-7-1(2)-2- 

(2-imino-4- thiazolin-4-yl) -2-methoxy-iminoacetamido~-8-oxo-5-thial- 
azabicyclo I4 .2 .0 )  oct-2-ene-2-carboxylate) is a new parenteral third- 

generation cephalosporin. The structural formula is shown in Figure 1. 

Suzuki et al. (1) used high-performance liquid chromatography (HPLC) for 
the analysis of ceftizoxime in rat serum, bile and urine. This method 

did not use an internal standard and need to be modified to quantitate 

ceftizoxime in human samples. 
determination of ceftizoxime in human serum and urine, using cefotaxime 

as an internal standard. The total time needed to complete the analysis 
of ceftizoxime i n  individual serum samples is about 20 minutes and the 

amount of serum required for the assay is 0.5 ml. 

We report here an improved method for 
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962 LE BEL, ERICSON, AND PITKIN 

CO,H 

Fig. 1. Chemical s t r u c t u r e  of ceftizoxime 

MATERIALS AND METHODS 

Sodium ceftizoxime w a s  obtained from Smith Kline and French 

Laboratories,  Phi lade lphia ,  PA ( l o t  number, 81225). Cefotaxime ( l o t  

number RP-3717) and desaceytlcefotaxime ( l o t  number R028628A) w e r e  

k indly  provided by Hoechst-Roussel Pharmaceuticals Inc,  Sommerville, 

N J .  Ace ton i t r i l e ,  potassium phosphate monobasic and phosphoric ac id  

85%, a l l  HPLC grade, w e r e  purchased from Fisher S c i e n t i f i c  Co, 

P i t t sburg ,  PA. 

The chromatographic system cons is ted  of a model 6000 A so lvent  

de l ivery  system, a U-6K i n j e c t o r  and a va r i ab le  - wavelength model 

450 detec tor  (Waters Associates,  Milford, MA.) set at  254 nm and 

0.1 A.U.F.S. Separation w a s  accomplished on a u Bondapak Alkyl 

Phenyl column (30 cm of length X 4 mm I . D . ;  Waters Associates,  

Milford, MA.). A mixture of 13% a c e t o n i t r i l e  i n  0.02 M (pH 2.6) 

phosphate buf fer  w a s  used as the  chromatographic e luant ,  a t  a flow- 

r a t e  of 1.5 ml/min (pressures  of 1,500 t o  2,000 ps i ) .  The buf fer  

so lu t ion  w a s  f i l t e r e d  through an HA 0.45-l~. f i l t e r  (Mill ipore 

Bedford, MA.) and t h e a c e t o n i t r i l e  through a FH 0.45-p f i l t e r  

Corp. Bedford, MA.). The mobile phase was deaerated with an 

water ba th  f o r  20 minutes. The e lu t ion  p r o f i l e  w a s  recorded 

Perkin-Elmer recorder ,  (model 023 Perkin-Elmer, Norwalk, CT) 

char t  speed of 30 cm/h and w a s  set a t  1.0 mV. 

A standard so lu t ion  of sodium ceftizoxime w a s  prepared 

Corp. 

(Mill ipore 

u l t r a son ic  

on a 
using a 

i n  HPLC- 

grade water a t  a concentration of 1,000 pg/ml. 

fu r the r  d i lu t ed  ad 10 m l  with pooled lyophi l ized  frozen human serum 

( f r e sh ly  r econs t i t u t ed  with t en  m l  of HPLC-grade water) t o  give concentra- 

t i o n s  of 160, 120,  80,  6 0 ,  30, 20 and 10 ug/ml. These concentrations 

represent  serum concentrations t o  be expected from t h e  adminis t ra t ion  of 

1 g dose of ceftizoxime (2 ) .  The standard so lu t ion  was f r e sh ly  prepared 

each day and kept under r e f r ige ra t ion  when not  i n  use. The standard 

so lu t ion  of sodium cefotaxime, t he  i n t e r n a l  standard,  w a s  prepared similar- 

This so lu t ion  w a s  

l y .  
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IMPROVED ASSAY FOR CEFTIZOXIME 963 

Af ter  adding 75 1.11 of the . in t e rna1  standard so lu t ion  (sodium 

cefotaxime, 1,000 pg/ml) t o  a 0.5 m l  a l i quo t  of serum sample containing 

ceftizoxime, an equal volume (0.5 ml) of a c e t o n i t r i l e  was added. The 

sample w a s  vortexed f o r  20 sec at  maximum speed, t o  ensure complete 

p ro te in  p rec ip i t a t ion .  The mixture w a s  centrifuged a t  3,000 rpm f o r  ten 

minutes. 

HPLC. 

A supernatant a l iquo t  of 10 o r  20 u l w a s  i n j ec t ed  i n t o  t h e  

R Fresh u r ine  from a hea l thy  volunteer  ( C l i n i t e s t  , negative) t o  

which graded concentrations of ceftizoxime were added (150, 100, 75, 50, 

25, 12.5 and 6.25 pg/rnl) was used t o  cons t ruc t  the  ur ine  ca l ib ra t ion  

curve. 

of 1 g dose of ceftizoxime (3) .  

These ur ine  concentrations a r e  expected from the  adminis t ra t ion  

Unknown ur ine  samples were d i lu t ed  wi th  WLC-grade water t o  a 

concentration i n  the  range of t h e  standard curve. To 0.5 m l  of d i lu t ed  

ur ine ,  75 1.11 of sodium cefotaxime so lu t ion  (1,000 pg/mL), as  i n t e r n a l  

re ference  standard,  and 0 . 1  m l  of phosphate bu f fe r - ace ton i t r i l e  13% 

mixture were added. The volume in j ec t ed  var ied  between 5 t o  20 p l .  

To compare t h e  HPLC assay and t h e  microbiological assay, w e  
used 25 serum samples from human volunteers  who had received a s ing le  

1 g dose of ceftizoxime ( 4 ) ,  and pooled f r e sh  serum t o  which known 

amounts of ceftizoxime were added. The microbiological assay was perfor- 

med using a d i s c  agar d i f fus ion  method with Baci l lus  s u b t i l i s  ATCC 6633 

spores t h a t  w e r e  seeded i n t o  p e n i c i l l i n  assay seed agar prepared i n  1% 

phosphate bu f fe r ,  pH 6. Incubation was a t  30°. 

of serum were prepared i n  pooled human serum devoid of background an t i -  

microbia l  a c t i v i t y .  Assays were performed according t o  t h e  method of 

Fare e t  a 1  (5) .  

5.0 ug/ml. 

Standards f o r  assay 

The microbiological assay was l i n e a r  between 0.75 and 

RESULTS AND DISCUSSION 

Figure 2 shows a t y p i c a l  chromatogram of ceftizoxime and cefotaxime, 

t hese  peaks were no t  d i s turbed  by o ther  serum components. 

chromatogram of u r ine  sample is  shown i n  Figure 3; no i n t e r f e r ing  peaks 

can be  observed although the  sample was in j ec t ed  without p r i o r  clean up. 

The r e t en t ion  time w a s  6.0 min f o r  ceftizoxime and 8.5 min f o r  cefotaxime. 
As shown i n  Figure 4a and 4b, a l i nea r  r e l a t ionsh ip  e x i s t s  f o r  known 

concentrations of ceftizoxime in serum and d i lu t ed  ur ine  respec t ive ly  

over a 2 to  200 pg/ml range as p lo t t ed  aga ins t  the  corresponding peak 

height r a t i o s .  

Typical 

Linear regress ion  ana lys i s  of t he  standard ca l ib ra t ion  
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~ 

0 2 4 6 8 1 2  

TIME(rnin.) 

Fig. 2 .  Typical chromatogram f o r  a serum sample containing 108.5 ug of 

ceftizoximelml 

l i n e s  y ie lded  the  respec t ive  equations: y = 0.010 x - 0.021 (r, 0.998) 

f o r  serum, and y = 0.023 x - 0.031 ( r ,  0.998) f o r  ur ine .  These correla- 

t i ons  ind ica ted  an exce l l en t  l i n e a r i t y .  The prec is ion  of the  HPLC method 

w a s  determined by assaying f i v e  r e p l i c a t e  serum samples containing 60 

and 120 pg/ml of ceftizoxime. Each sample was assayed i n  t r i p l i c a t e .  

The low coe f f i c i en t s  of va r i a t ion  obtained (2 .04  and 1.93%) show the  

prec is ion  of t h i s  HPLC method. Reproducibil i ty da ta  were obtained from 

f i v e  frozen serum samples containing 60 and 120 ug/ml of ceftizoxime and 

thawed on f i v e  d i f f e r e n t  days; t h e  coe f f i c i en t s  of va r i a t ion  from day t o  

day w e r e  3.70 and 2.75% fo r  both ceftizoxime concentrations.  Three 

d i f f e r e n t  ceftizoxime concentrations i n  pooled human serum and i n  phos- 

phate buf fer  (pH, 7.4)  w e r e  used t o  determine t h e  p r e c i p i t a t i o n  recovery 

r a t i o .  The p ro te in  p rec ip i t a t ion  recovery r a t i o  w a s  1.04 f .05 (mean 

2 S.D.) .  

Some a n t i b i o t i c s  commonly used and probenecid were t e s t e d  f o r  

i n t e r f e rence  with ceftizoxime and cefotaxime peaks; serum samples 

containing gentamicin (10 pg/ml), tobramycin (10 ug/ml) and probenecid 

(1,O g given P.O. t o  hea l thy  volunteer) ( 4 ) d i d  n o t  i n t e r f e r e  with the  

ana lys i s .  To ve r i fy  the  appl ica t ion  of t h i s  HPLC method t o  the  serum 
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CEFOTAXIME 

CE FTI ZOXl ME 

0 2 4 6 8 12 
TIME (min.) 

Fig. 3. Typical chromatogram f o r  a u r ine  sample containing 16.3 pg 
of ceftizoxime/ml. 

determination of cefotaxime using ceftizoxime as an i n t e r n a l  standard,  expec- 

t e d  concentrations of desacetylcefotaxime ( t h e  active metabolite of 

cefotaxime) w e r e  added to  serum samples .  The desace ty l  metabolite 

separa ted  very w e l l ,  with a r e t en t ion  time of 3 .5  min. However, ampicil- 

l i n  (20 pg/ml) would i n t e r f e r e  with the  assay of cefotaxime, with a 

r e t en t ion  t i m e  c lose  t o  t h e  desace ty l  cefotaxime. The s e n s i t i v i t y  l i m i t  

of assay f o r  serum samples was 2.5 ug/ml when a signal-to-noise r a t i o  of 

2 or g rea t e r  was used as a c r i t e r i o n  fo r  a s ign i f i can t  response. This 

is i n  con t r a s t  with the  determination l i m i t  r epor ted  by Suzuki and 
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TABLE 1 

Comparison Between HPLC Determination of Ceftizoxime and Microbiological 
Assay (25  Serum Samples) 

p t  1 3 ,  day 2 (0.25 h) 
(0 .5 h) 
(0 .75 h) 
(1.0 h) 
(1.5 h) 
(2 .0  h)  
(3.0 h) 
(4 .0  h) 
(6 .0  h) 
(8 .0 h) 
(10.0 h) 

p t  3 ,  day 1 (0 .06 h) 
(0 .25 h) 
(0.5 h) 

p t  3 ,  day 1 (0 .75 h) 

p t  2 ,  day 1 (3 .0  h)  
(10.0 h) 

p t  10, day 1 (1.0 h) 
(1 .5  h) 

blank 

blank 

spiked plasma (250 pg/ml) 
I ,  ( 4  I t  

1 
” (60  vg/ml) 

11 I ,  11 

(ug/ml) 

28.3 
43.4 
39.0 
38.6 
46.4 
33.9 
26.1 
17.7 

9.9 
6.6 
6.4 

177 .1  
74 .1  
57.4 

41.0 

14.6 
2.9 

36.2 
32.7 

0 

0 

248.2 

260.2 

60.5 

60 .3  

Microbiological assay (vg/ml) 

30.3 
38.8 
34.3 
39.2 
39.0 
31.1 
22.2 
14.9 

8.4 
6 . 1  
2.2 

205.1 
99.3 
56.3 

40.4 

11.3 
1.0 

27.0 
25.4 

0 

0 

226.6 

294.7 

59.6 

64.6 

coworkers (0 .2  pg/ml f o r  serum at  0.01 A . U . F . S . )  (l), but t h i s  may be 

explained by a l a rge r  d i l u t i o n  e f f e c t  i n  t h e  sample prepara t ion  (1.0 m l  

vs  0.3 ml) and a wider c r i t e r i o n  f o r  t h e  eva lua t ion  of t h e  l i m i t  of s e n s i t i v i t y .  

The Table 1 shows the  a c t u a l  da t a  obtained by microbiological assays.  

The comparison of t hese  two methods y ie lded  a co r re l a t ion  coe f f i c i en t  of 

0.987. In the  lower range of ceftizoxime serum concentrations,  t h e  

microbiological assay showed s l i g h t l y  lower values than d id  the  HPLC 

assay. The last  ceftizoxime concentration used i n  cons t ruc t ing  HPLC 

standard serum curve w a s  10 pg/ml; t h i s  may explain the  lack  of 

prec is ion  of the HPLC method a t  low ceftizoxime concentrations.  
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968 LE EEL, ERICSON, AND PITKIN 

Although microbiological methods a r e  more widely used they have 

t h e i r  share  of disadvantages. The HPLC assay generated r e s u l t s  

wi th in  10-15 minutes a f t e r  s t a r t i n g  a l imi ted  number of samples; 

microbiological assays a r e  more t i m e  consuming. 

has ac t ive  metabol i te (s )  o r  forms a c t i v e  decomposition products o r  

when two a n t i b i o t i c s  a r e  administered, the  highly s p e c i f i c  HPLC 

methods a r e  preferable(6-8).  

When an a n t i b i o t i c  

The HPLC method described here  may allow simultaneous determina- 

t i o n  of ceftizoxime and cefotaxime, which has d i s t i n c t  advantage over 

conventional methods f o r  s tud ie s  of comparative t i s s u e  pene t ra t ion .  
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